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ABSTRACT
GLOBE is a science and education program designed to
use environmental research as a means to improve
student achievement in basic science, mathematics,
geography and use of technology. Fundamental to the
process is linking students and scientists as
collaborators. Approximately 8,900 U.S. schools and
3,764 schools from 101 countries are GLOBE partners.
GLOBE trains teachers to teach students how to take
measurements of environmental parameters at quality
levels acceptable for scientific research. Teacher training
emphasizes a hands-on, inquiry-based methodology.
Student-collected GLOBE data are universally
accessible through the web. Examples of scientist/
student collaborations include enhancing the database of
NOAA’s National Geophysical Data Center, validating
Landsat-generated land-cover maps, testing models of
the water cycle, calibrating satellite-based estimates of
the seasonal plant growth, and developing and using sun
photometers for studies of atmospheric aerosol content.
International projects include watershed studies in the
Andean headwaters of the Amazon River, and
development of species-specific “phenological gardens”.
An annual review over the past 6 years indicates that
GLOBE has had a positive impact on students’ ability to
use scientific data in decision-making and on students’
scientifically informed awareness of the environment.
GLOBE Protocols are aligned with the National Science
Education Standards.
Keywords: Science education, student research,
environmental sciences, student-scientist
partnerships, assessments, science standards,
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resources
INTRODUCTORY STATEMENT
The study of the environment is an effective means for
teaching students the elements of science. The
environment surrounds children and shapes their lives.
Their natural curiosity stimulates them to understand
how the world works and how it is critical to them. Many
aspects of the environment are easy to measure and
understand, and thus, studying the environment can
provide an ideal way for students to do science and learn
the key abilities needed to practice the scientific method.
Students also can learn the underlying scientific
principles that lead to a more fundamental
understanding of the processes that govern the behavior
of the environment. They can generate questions from
the base of their own knowledge and experience, and
may seek answers through experiment and inquiry and
the application of mathematics and technology. The
GLOBE program takes advantage of all this to help
children learn the fundamentals of science, geography,
mathematics and technology, and to give them the
confidence and opportunity to do science in partnership
with practicing scientists.
DESCRIPTION OF GLOBE
GLOBE is a science and education program designed to
increase the environmental awareness of people
throughout the world and to contribute to an improved
understanding of the local, regional, and global
environment. The program aims to improve student
achievement in science and mathematics and supports
better learning in geography and enhanced educational
use of technology. Fundamental to the process is
providing students with the means to contribute
research-quality data for the study of Earth.
Student-scientist Interaction - An important part of the
program is the active participation of scientists as
research collaborators with the students (Figures 1A, 1B,
and 1C). Because children can be taught to take high
quality measurements over extended periods and their
schools are globally distributed, their data have a unique
quality valuable to research scientists and major research
programs that depend on widely distributed
spatio-temporal data sets. Scientists act as mentors and
provide resources for students’ studies. GLOBE only
asks students to take observations if there is a research
team prepared to use some of the resulting data. Behind
every GLOBE measurement protocol is a research group
that has ensured that the protocol is adequate to produce
research quality data, has approved the instrument
specifications, and stands ready to review all data for
purposes of quality control. Further, the scientists are
prepared to conduct research using the student data, and
to publish their results in the refereed scientific literature.
Quality Control and the Training of Protocols -
Effective training of teachers is key to the success of
GLOBE’s strategy. Teachers are responsible for showing
their students how to take measurements and properly
use equipment. They also must oversee their students’
work and are the first line of defense against reporting
erroneous data. To ensure that teachers are prepared to
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play their roles effectively, GLOBE supports and insists
on their receiving hands-on training in a number of
protocols (GLOBE Teacher’s Guide, 1997, www.
globe.gov). GLOBE initially provided teacher training
only in the United States while focusing on the training
of trainers in other participating countries. However, as
the Program has grown, the train-the-trainer model has
been adopted in the US as well. GLOBE now has a large
number of nonprofit and governmental organizations as
partners who recruit and train teachers in the protocols
and provide continuing support as teachers implement
GLOBE in their classrooms.
The statistics of teacher implementation of GLOBE
protocols is not well known. Of the 18,000 teachers
trained in GLOBE protocols approximately 20% work
with students to provide scientifically useful data
streams. Other teachers make selected use of GLOBE
resources for their own education purposes. Regional,
local and classroom issues may emerge as useful
research topics.
Investigation areas - In its train-the-trainer workshops,
GLOBE is now adopting the approach of nesting the
hands-on protocol training within a context of scientific
investigation of the environment surrounding the locale
of the training facility. These workshops may cover one
or more of the GLOBE investigation areas. These areas
include:
 daily monitoring of the atmosphere along with soil
temperature and moisture;
 assessment of the state of a local water body (stream,
lake, river, estuary, ocean, etc.);
 characterization of the top meter of soil;
 the description and mapping of land cover and
associated quantitative sampling of vegetation
characteristics; and
 the measurement of the timing of various seasonal
changes in plants including budburst and leaf
growth in the spring, and the color changes
associated with senescence in the fall.
GLOBE supports teachers and students with
materials to help them learn how to assemble their
knowledge of the different investigation areas into an
integrated understanding of how Earth behaves as a
complex, yet unified, interactive system. Such an
integrative perspective forms the base for a
comprehensive understanding of weather, climate, and
watersheds as biological and physical systems and the
role of continents, oceans and the atmosphere in
determining the nature of the global environment (see
GLOBE Teacher’s Guide: “Earth as a System”).
Pedagogy - Critical to the teacher instruction of GLOBE
protocols is an emphasis on a hands-on, inquiry-based
pedagogy. The GLOBE materials are aligned with the
National Science Education Standards (see GLOBE
Teachers’ Guide; www.globe.gov), and teachers and
students are provided with assessment material to help
the children monitor their own progress and help
teachers evaluate the students’ understanding.
Web Access - Access to the World Wide Web
(www.globe.gov) allows for the collection and storage of
data in GLOBE archives, and a ready means to provide a
variety of graphical, visualization, and technical tools for
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Figure 1. GLOBE activities: Top, students making
land cover measurements in Sonoran Desert,
Middle, students entering data on computer, Bot-
tom, teachers being trained on Sun Photometer
measurements.
students to examine and manipulate the data. One
example is an illustration of the daily data reported by
GLOBE schools (Figure 2). The Web also provides the
communication network between the scientists and the
students, and allows self-selected groups of schools to
work together as research units. Since the program is
global in scope it provides the means to bring children
together from many countries and helps them cooperate
as colleagues in a variety of environmental studies.
Where schools lack Web access, data may be reported
through email and visualizations of data may be
supplied on CD-ROM.
Program Status - The GLOBE program is international
in scope. One hundred and one countries have joined as
partners. This includes over 8,900 U.S. (7.4% of U.S.
schools) and 3,764 international schools. GLOBE has
trained 15,539 U.S and 6,305 international teachers.
Hundreds of thousands of students participate in the
program each year and currently data from over 8.4
million students’ measurements have been recorded in
the GLOBE archive. To date 5,519 schools, located in
eighty-one of the hundred and one countries, have
reported data. 4.6 million measurements have been
reported by 2, 053 international schools, and 3.8 million
from 3,466 U.S. schools.
International component - GLOBE partners comprise
over half the countries of the world, with schools on
every continent, in every time zone, and representing
virtually every type of biome. The GLOBE Teacher’s
Guide (1997, www.globe.gov) and data reporting
materials are available in the six United Nations
languages – Arabic, Chinese, English, Russian, French,
and Spanish – as well as Dutch, German, Greek, Hebrew,
Hungarian, Japanese, Latvian, Polish, Swedish and Thai.
GLOBE has served as a catalyst for a number of
international cooperative studies including a study of
Persistent Organic Pollutants (POP) by countries
surrounding the Arctic, studies of acid precipitation, and
environmental sustainability by several European
countries (see web site). In addition, GLOBE teachers
and scientists are developing “phenological gardens” for
students to plant specific species and use them as climate
indicators.
GLOBE provides a structure that makes it feasible
for students all over the world to work together with
scientists on globally integrated environmental
questions. GLOBE is particularly effective in facilitating
the involvement of isolated communities in
environmental science and education. For example,
refugees in Kenya, Inuit tribes in Canada’s Northwest
Territories, rural communities in Africa, Asia and Latin
America, and a school on the Palmer Peninsula of
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Figure 2. Data reported by GLOBE schools on15 February 2002
Antarctica are part of the program. The international
reach of GLOBE provides an effective means for students
to directly participate in learning about and
understanding other cultures, and extending their vision
to consider the global environment. For example
students in circum-Arctic schools are cooperating on a
study of persistent organic pollutants, European schools
have worked together on acid ran, Korean and U.S. have
researched the causes of ozone pollution in selected
cities, and schools from five countries in the Middle east
are comparing regional hydrology issues.
GLOBE Sponsors - The core GLOBE infrastructure and
coordination has been sponsored by a group of U.S.
Government Agencies with current financial support
coming from the National Aeronautical and Space
Administration (NASA) and the National Science
Foundation (NSF). The National Oceanic and
Atmospheric Administration served as lead agency for
GLOBE from the Program’s inception until recently and
continues to be involved. The US Environmental
Protection Agency and the U.S. Departments of State and
Education have also contributed to GLOBE from the
beginning with extensive support for GLOBE outside the
United States coming from the State Department and its
agencies and programs.
GLOBE partners both in the U.S.A. and other
countries have received sponsorship from national, state,
and local governments, the United Nations, private
foundations and individuals and corporations as well as
through non-GLOBE programs of the U.S. federal
Government. Sponsorship ranges from the funding of
instrument purchases to principle funding for the
GLOBE participation of an entire country. GLOBE’s best
estimates are that the collateral support of partners and
schools exceeds the dollar value of the direct US
Government spending on the core infrastructure and
coordination.
EXAMPLES OF GLOBE STUDENT-
SCIENTIST PARTNERSHIPS
GLOBE students may interact with other schools,
researchers and interested professionals. One option is
the exchange of data among schools to form
collaborating research efforts. Another option is the
interaction of students with adult professionals to study
local or regional problems. Examples include
collaboration with scientists in new research,
contribution of data to national and international data
archives, and providing basic information for focused
local or regional environmental issues that bear on the
health, social or economic welfare of their communities.
The different modes of interaction have the potential to
enrich the students’ science education, enhance students’
commitment to their studies, and help train the next
generation of citizens for the future requirements of their
societies (Stanford Research Institute International (SRI,
International), annual evaluations). As an illustration of
the nature of GLOBE collaborations the following
paragraphs describe a few examples of student-scientist
partnerships that use student-collected, spatio-temporal
data sets. A parallel article by Howland and Becker
(2002) cover similar material. In addition we report on a
series of assessments of the program and discuss how
GLOBE activities relate to US National Science
Education Standards.
Archiving of Student Data - National Geophysical Data
Center (NGDC) - One long-term objective of GLOBE is to
provide the means for storing GLOBE environmental
data in nationally, and internationally recognized
archives. The teacher training emphasizes this goal and
data monitoring stresses the quality assurance review.
The National Climate Data Center (NCDC;
http://lwf.ncdc.noaa.gov/oa/ncdc.html) of the NGDC
is the primary storage facility for NOAA atmosphere and
climate data. It archives and provides access to data from
a wide variety of sources all over the world. Through the
integration of over a hundred years of historical weather
data NCDC has become a major resource for examining
climate change and factors that control climate
variability. One of the sources of data is now the climate
data from GLOBE schools. Scientists at NCDC have
developed a set of procedures to identify schools that
take data consistently, over a relatively long period of
time, and with acceptable levels of accuracy. To date
there are 53 schools from 16 countries that meet their
rigorous criteria.
NCDC is also responsible for monitoring climate
variability and extreme weather events, and placing
current weather events into historical perspective. How
does one hurricane compare to another, or how do they
compare to the worst one in history? Examples where
GLOBE student data have made additions to the
database are in the monitoring of extreme weather
events. These include student contributions to
precipitation data from hurricane Irene in 1999, and an
extreme heat wave in Oklahoma and Texas in 2000
(Figure 3A and 3B). NCDC continues to evaluate student
reports for possible additional uses in daily NCDC
climate monitoring operations. GLOBE continues to
work with schools so that a greater number may
contribute to this valuable data resource.
Land Cover: Ground Truth for Satellite Data - GLOBE
encourages students to understand the context of their
own environment. One mechanism is to provide the
synoptic view that comes from satellite images of their
home region. GLOBE provides schools with digital
Landsat images that include spectral views at five
wavelengths. Working with scientists from the
University of New Hampshire the students have
evaluated the accuracy of land cover maps made from
remotely sensed satellite imagery.
Land cover maps may be used as a quantitative
environmental management tool that helps, for example,
to monitor deforestation, biodiversity, water quality,
ecosystem health, agricultural practices and urban
development. Satellite imagery is commonly used to
produce land cover maps throughout the world.
Accuracy assessment, or validation, is performed by
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Figure 3. Extreme weather events (NCDC): GLOBE school contribute to NCDC data base. Top - Precipitation
from hurricane Irene, Bottom - Heat wave in TX-OK.
comparing the degree of correspondence between
interpreted assignments of ground cover from satellite
images with student-collected ground data. To collect
ground-based observations worldwide, it is important to
have a common classification system that can be used
everywhere. A group of scientists in the Department of
Natural Resources at the University of New Hampshire
(UNH) modified the UNESCO classification system
(UNESCO, 1973). This new scheme is called the MUC
(Modified UNESCO Classification) scheme and is used
by students around the world. To test the quality of
student-collected data using GLOBE protocols, the
scientists selected a Landsat Thematic Mapper (TM)
image of Dutchess County, NY as a test example. The
county occupies 2,100 square kilometers. The landscape
is a patchwork of agricultural fields, rolling hills,
deciduous forests, and low mountain terrain.
Scientist/educator teams developed GLOBE
protocols for land cover measurements (Becker et al.,
1997, Finarelli, 1998). These protocols offer a consistent
method of data collection, and if properly followed, will
produce accurate data sets, which can be entered into the
GLOBE database and used by the scientific community
worldwide (Rock and Lawless, 1996). Students and
teachers from six schools conducted a concerted
campaign - a MUC-a-Thon - to collect ground data from
100, 90 x 90 meter sites according to the GLOBE Land
Cover Protocols. These student-collected data, along
with additional data collected by scientists from UNH,
were used to assess the accuracy of a land cover map
generated from a Landsat TM image of the County
(Figure 4). Statistical analysis showed that, using
appropriate protocols and sampling techniques, the
students were able to produce a land cover map whose
overall accuracy reached 80%, a level acceptable for
practicing professionals (Figure 4).
Other researchers have also tested student-collected
data in other studies. Budd (1997) conducted an
experiment in New Hampshire that showed that
student-collected land cover data when compared with
professionally collected reference data were satisfactory
and useful for research purposes. Rock and Lawless
(1996) have found that student data from the Forest
Watch Program were a reliable source of information for
scientists studying white pine damage. Similarly, in
Europe, student-collected data on the pH of precipitation
and lichen abundances were an important contribution
to the Air Pollution Project Europe (Smedsvig, 1995).
Biophysical simulation models: Atmosphere-plant-
soil GAPS model - One method for studying complex
systems is to use computer simulation models. A group
of soil scientists and ecosystem modelers from NASA’s
Goddard Space Flight center, and Cornell University, are
working with students’ data to evaluate their own
models and teach children how modeling may provide
useful insights into the workings of natural systems.
In Earth Science, numerical models are used to
represent natural systems in order to better understand
the properties and processes of the system and to make
predictions. The impact of different processes governing
the behavior of the interactions may be simultaneously
evaluated, and the robustness of the results tested
against collected data. When model results are validated
against real data, they can be used to test theories of our
knowledge of how the system operates. They can also be
used to make predications of future conditions.
One such model is the General Purpose Simulation
Model of the Atmosphere-Plant-Soil System (GAPS)
(Riha et al, 1994). GAPS is a menu driven computer
model that simulates soil, plant, and atmospheric
processes, for example elements of the water cycle such
as precipitation, evapotranspiration, infiltration of water
into soil, root water uptake, surface runoff, movement
and storage of water in soil and drainage below the root
zone.
Data sets collected by GLOBE students on soil
characterization, land cover, climatic variables, and GPS
locations are used to parameterize the GAPS model.
Using available GLOBE data, researchers can simulate
and validate the behavior of water in the
atmosphere-plant-soil system under different
environmental conditions. With GAPS, each of these
processes can be studied independently, allowing the
user to compare the effects of simulating the same
phenomena (i.e., evapotranspiration, soil water flow,
plant water uptake) in different ways. Both the
user-selected format and visualization capabilities of the
GAPS model are a useful tool for research and teaching.
Graphical displays further provide a dynamic
visualization of the particular process and testing of
model versus collected data.
Soil moisture plays a major role in the hydrologic
cycle affecting the rate of evapotranspiraion, infiltration,
leaching and surface run-off. Through the use of
biophysical models, scientists have been able to simulate
these various processes and further our understanding
of the soil-plant-atmosphere system. However, the
complexity of this system and the lack of soil moisture
information across time and space have made
parameterization and validation of these models
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Figure 4. Land cover map of Dutchess Co., NY made
with students using GLOBE protocols. Map agrees
with student data at 80% level.
difficult. GLOBE, through their suite of protocols and
data gathering, provides potential input parameters and
validation data for these types of models. One example
of the application of the GAPS model has been to
simulate the daily change in total soil water in the root
zone (Robin et al., 2001). Student-collected data on land
cover, atmospheric variables and GPS location and
elevation from the Reynolds High School, Greenville,
PA, USA, were used to parameterize the model. The
simulation was run for a four-year period (1997-2000).
The students, using both gypsum blocks and Watermark
sensors, collected daily soil water content at depths of 10,
30, 60 and 90 cm. The student-collected data were then
used to validate and test the model simulations. An
example of the comparison between student and
modeled data is shown in Figure 5.
Phenology - Often fairly simple GLOBE measurements
and observations have great scientific value. This shows
that students at different levels of development may
effectively work with scientists. One compelling global
issue is to understand the nature and causes of global
climate change. Such changes will affect the seasonal
variability and the seasonal biotic response. Michael
White, Utah State University4, has been working with
students to monitor the change of plant growth through
the seasons.
Phenology is the study of recurring biological cycles
(White, et al., 1997). One example is the “greening”
associated with the budding and growth of leaves in the
Spring, and the “browning” or senescence of leaves
associated with the onset of dormancy and change of
color in the Fall. The timing of this seasonal cycle
provides a measure of the annual onset of growth, and
the length of the growing season. The variability from
year to year is a valuable metric for monitoring short-
and long-term climate change, and is crucial to
understanding coupling of the biosphere with
atmospheric circulation, the spatio-temporal dynamics
of the carbon and water cycles, and the transfer of heat
through the coupled Earth system.
Vegetation phenology can be monitored by two
means. One is by using satellite imagery. Using
reflectance measurements of radiation in the near-IR and
red wavelengths from the Advanced Very High
Resolution Radiometer (AVHRR) it is possible to
calculate an index of vegetation intensity with a
1.1-kilometer spatial resolution. The second approach is
to make a set of distributed measurements on the ground
to help calibrate the satellite observations. The two
measurements have complementary strengths and
weaknesses. The effective averaging of satellite data
gives good regional coverage but little insights into the
effects of local environmental or species dependent
variability. In contrast, ground-based observations help
to understand the seasonal evolution of species maturity
and local environmental interactions.
A valuable resource for distributed ground-based
monitoring are school children. The GLOBE Program
provides training in measurement protocols, prepared
by scientists that allow students to take valid
ground-based measurements. The distributed network
of GLOBE schools now provides a means to test
ground-based observations against satellite-based
measurements. Of additional value to understanding the
seasonal phenology are the associated sets of
student-generated data for a number of other parameters
that characterize the behavior of the atmosphere, local
hydrology and soil. These broad environmental
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Figure 5. Comparison of the simulated (crosses) and actual (diamonds) soil moisture content in the root
zone (90 cm). Model give a good approximation to students’ measurements for the six-year observation
period.
descriptors are data sets essential to the interpretation of
the phenology observations.
One test of student-collected data (White, 2000;
White, et al., 2000) illustrates that student efforts have
already provided useful insights. Distinctions may be
made between rural and urban environments (Figure 6);
ground-based student data can be used to discriminate
the relative merit of different algorithms used to digest
the large volumes of satellite data and give a measure of
the errors inherent in “greenup” estimates. In the future,
long-term data sets from globally distributed school sites
will help to validate models of how global change affects
the growing season, and give better resolution of the
causes for regional variability.
International Projects - At the international level there
are a number of projects that involve the cooperation of
many different international partners. Such studies cross
international boundaries and focus on environmental
issues that are regional in scope and require
comprehensive coordination. In many cases, they
involve linking students with scientists, and other
governmental or civil organizations, and provide
students with the added incentive of working on issues
that are important to their region. Some examples
include the following.
Watersheds, at different scales, provide students
excellent opportunities to understand how Earth
operates as a system. The different GLOBE protocols in
atmosphere, hydrology, soils and land cover are all
essential ingredients needed for comprehensive
watershed studies.
For example, the Andean Amazon Rivers Analysis
and Monitoring Project (AARAM, http://amazonrivers.
org/aaram/) is an international research initiative to
investigate Earth system connections among hydrology,
land cover, soils and climate in the Andean Amazon
region. Rivers of the Andean Amazon region are central
to the health, welfare, and economic potential of citizens,
and are fundamental to the conservation of the region’s
renowned biodiversity. The ongoing study connects
local civic agencies and health officials, national agencies
that define environmental management polices, and
social research into water use patterns with researchers
from universities in Peru, Colombia, Ecuador, Germany
and the U.S.A. to work with GLOBE schools in the area.
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Figure 6. Effect of urban heat islands (student data) on “green-up”. Graph shows difference between urban
areas and a deciduous broad leaf forest (DBF).
The principle investigators are Prof. Carlos Llerena,
Universidad Agraria La Molina, Lima, Peru, and Dr.
Michael McLain, Florida International University,
Miami, FL, U.S.A. Students and teachers from GLOBE
schools in the different catchments will be working with
these and other scientists to collect environmental data.
The ongoing collection of student data will add to the
spatial sampling and contribute to development of
quantitative models that will be used for making
better-informed land/water management decisions.
Phenological “gardens” are planted plots of
carefully selected species of plants that serve as
systematic monitors of seasonal changes as noted by the
budding and senescence of leaves and flowers.
Distribution of these gardens in schools at appropriate
locations all over the world will yield a carefully
calibrated measure of seasonal change. German
scientists are now preparing selected populations of
plants that GLOBE may distribute to all GLOBE schools.
After the “phenological gardens” are established
students will be able to provide phenology databases
that scientists can use to monitor global climate change.
In addition, the associated data sets of atmospheric,
hydrospheric, and soil environmental parameters will
allow the examination of interactions among the
different variables that control the length and timing of
growing seasons.
Instrument development - In special cases, there has
been the need to develop new instrumentation. This may
be associated with new developments, the need for
automation, or related to scientists special needs. One
example of a special need is the development of a Sun
photometer.
GLOBE has put together a global network of schools
that is providing useful data about changes in the aerosol
optical depth of the atmosphere (Mims, 1999). These
changes are caused by weather fronts, industrial and
automobile pollution, smoke from forest and bush fires,
moving dust clouds, and suspended ash from volcanic
eruptions. Potential applications for a globally
distributed network of GLOBE sun photometers include
providing large amounts of distributed information
about the background levels, seasonal variability of
aerosols over large geographical areas, and examining
urban/suburban/ rural differences in aerosol optical
thickness. The student data also provide the
ground-based calibration for satellite observations such
as the EOS/Aura and SeaWiFS platforms.
GLOBE scientists have developed a Sun photometer
(Mims, 1992; Brooks and Mims, 2001) that uses light
emitting diode (LED) detectors in place of optical
interference filters and photodiodes. The LEDs have
significant advantages over previous devices. These
include low cost, durability, and long-term stability.
Data collected by students at a GLOBE high school near
NASA’s Goddard Space Flight Center (GSFC) when
compared against aerosol optical thickness
measurements from Sun photometers at GSFC
demonstrate both that the students can reliably take the
required measurements, and that the LED-based Sun
photometers give results that compare favorably with
conventional, filter-based instruments, even though
their optical properties are significantly different.
EVALUATIONS OF THE GLOBE PROGRAM
For the last six years, staffs at SRI International (SRI 1996
– 2001; NSF Grants # ESI-9509718, and # ESI-9802033:
annual reports available at www.globe.gov) have
evaluated The GLOBE Program. The evaluations are
based on visits to schools, discussions with teachers,
students and scientists and selected assessment tests. The
following section includes descriptive comments from
the SRI annual reports; readers are asked to check the
references for details. An overall summary characterizes
GLOBE as an ambitious attempt to put the concepts of
authentic science learning, student-scientist partnership,
and inquiry-based pedagogy into practice on an
unprecedented scale. When well implemented by
trained teachers, GLOBE has had a positive impact on
students’ ability to use scientific data in decision-making
and on students’ scientifically informed awareness of the
environment
Teachers’ Responses - From the perspective of the
teacher, the reviews found that students have a very high
interest in GLOBE activities. Furthermore, GLOBE has
empowered students to take a greater interest in science
by exploring the world around them. Teachers report
that the GLOBE approach also has greatly improved
students’ science inquiry abilities, such as observational,
measurement and technological skills, along with the
ability to work cooperatively in groups and to be more
analytical. The opportunity to work with scientists and
do science has greatly increased their sense of
responsibility to commit to projects and reach their
successful completion. Teachers also valued the
extended network of GLOBE schools to provide
opportunities for meaningful interactions of students
with their peers around the world.
Just as important, teachers conclude that GLOBE is
giving students a new perspective on what it is to do
science and to be part of a scientific investigation.
GLOBE’s combination of hands-on activities, use of
technology, and involvement in active research projects
not only has a wide appeal for students but also provides
them with a deep sense of value of their activities. In
addition, GLOBE teachers report that their students are
learning new concepts in environmental science.
Students’ responses - A focused examination of
students’ opinions showed that GLOBE activities are
very popular with students. Their special interest was
expressed in the use of computers, working with satellite
images and taking measurements. Students are also
encouraged by knowing that their data will help people
better understand Earth, and enjoy their collaboration as
“real scientists” with their research colleagues. Although
students are highly motivated to collect and report
accurate data, one weakness that needs attention is
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improvement of analytical skills needed to explain or
make informed inferences based on these data.
Students’ Performance - In terms of students’ per-
formance, selected samples show that students, exposed
to GLOBE, scored better, on tests given by SRI, than their
counterparts in non-GLOBE classes. Their knowledge of
sampling and measurement principles, and their ability
to interpret data and apply science concepts was also
superior. They also had a better appreciation of what it
means to be a scientist and were more interested in
pursuing a career in science. GLOBE students seem to
appear to make more science-based inferences about the
natural world than their non-GLOBE peers.
Formal and informal review indicates that students
are developing an improved understanding (as reflected
in their reasoning) of their global environment as a result
of participating in GLOBE. GLOBE students of various
ages show that they can grapple with difficult problems,
are questioning the ideas presented to them, and are able
to draw inferences in their search for answers to scientific
questions. Moreover, reviews suggest that students’
personal involvement in repeatedly taking
measurements, classroom implementation of learning
activities, and data analysis and interpretation are
significant factors in supporting students’ learning, and
stimulating responsible study habits.
Scientists’ participation - Although GLOBE contri-
butions to the scientific knowledge base are at an early
stage, it is clear that GLOBE scientists have become
increasingly involved with students and teachers.
Interactions with schools enable scientists to see how
their investigations are being conducted, and lead to a
reciprocal understanding of the kind of strategies needed
to sustain students’ motivation, a more realistic
understanding of the nature of schools, and pedagogical
strategies for more effective cooperation. Several
scientists have suggested that it has pushed them to take
a fresh, more interdisciplinary look at their fields of
study. Students and teachers benefit from the scientists
not only as sources of knowledge and modelers of
scientific reasoning but also an inspiration and role
models for students who may choose to pursue careers in
science and technology.
Challenges - A major challenge to implementing
GLOBE had to do with issues of scheduling and
availability of time. In the school environment GLOBE
must compete with other curricula and testing demands.
In addition, it was difficult for teachers to find adequate
amounts of their own time for preparation and support
work needed for full implementation of the program.
A recurring challenge is to maintain a continuous
and systematic schedule of data recording and reporting
across the spectrum of GLOBE protocols and throughout
the year, this includes, the school year, weekends, and
vacations. For many scientific purposes the extent and
cost effectiveness of globally distributed spatio-temporal
data sets are what sets GLOBE apart from other modes of
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Figure 7. Number of schools reporting data by year and month.
data collection, but to be successful they must be
statistically robust and sufficiently complete. Figure 7
illustrates the problem over the calendar year. This is an
area that needs continual attention.
A future challenge is to more effectively embed
inquiry pedagogy into GLOBE materials. The protocols
and learning activities are very effective in teaching
children the hands-on skills of taking measurements of
environmental parameters, but the goal of knowing how
to integrate the basic measurements into broader
conceptual understanding has yet to fully realized. Thus
those elements of the inquiry method that emphasize the
contextual framework need attention. A preliminary set
of new protocols and learning activities that address the
Earth as a System start to remedy this shortcoming.
ALIGNMENT WITH STANDARDS
The SRI review has shown that GLOBE appears to
favorably influence teachers’ approach to science in
ways concurrent with the National Science Education
Standards (NSES; National Research Council, 1996) and
that there is a measurable positive impact on student’s
mathematics and science learning (SRI Staff: Barbara
Means, Elaine Coleman, Amy Lewis: GLOBE Year 3
Evaluation, 1997). As measured against “Benchmarks for
Science Literacy” (American Association the
Advancement of Science (AAAS), 1994), National
Science Education Standards (National Research
Council, 1996), and internationally accepted frameworks
such as that used in generating the Third International
Mathematics and Science Survey (TIMSS) (National
Center for Education Statistics, 1995), it is apparent that
GLOBE materials have been successful in involving
students in authentic science inquiry, and for integrating
science and mathematics into their environmental
studies. However, the materials fare less well in
articulating a small set of powerful “big ideas” that help
explain scientific phenomena in a range of fields.
Further, its interdisciplinary nature and focus on
measurements makes it difficult to fit GLOBE into the
confines of traditional secondary school courses such as
algebra, physics, chemistry and biology. To remedy this
problem GLOBE has now provided a new set of
Protocols and Learning Activities to study the “Earth as a
System”.
New GLOBE Standards alignment - The GLOBE
Protocols and Learning Activities provide an excellent
instructional platform to teach students the
fundamentals of science, both content and method, and
applications of mathematics. The guidelines offered by
the National Science Education Standards (NRC, 1996)
and associated implementation of standard expectations
by the different states provide a balanced perspective
that links expectations of children’s understanding, at
any stage of development, to the existing body of
scientific knowledge. The new GLOBE Teacher’s Guide
(www.globe.gov) now include information on how the
Protocols and Learning Activities align with the National
Science Education Standards. For example, as part of the
assessment tools, GLOBE Protocols and Learning
Activities include an associated set of correlation
matrices, linked to the NSES, that illustrate how they
may be used as instructional tools to teach science
content standards in the Physical Sciences, Earth and
Space Sciences, Life Sciences and Geography
(Geography Standards Project. 1994). Although the
protocols and learning activities in the GLOBE Teachers’
Guide have not been formally aligned with technology
and mathematics standards (National Education
Technology Standards, www.iste.org; International
Technology Education Standards, www.iteawww.org;
NCTM, “Principles and Standards for School
Mathematics, www.standards.nctm.org), teachers may
readily select different activities that match standard
expectations. In addition, the hands-on, inquiry
pedagogy woven through the GLOBE exercises helps
students comprehend the scientific inquiry abilities that
form the base of the scientific method. For each Protocol
and Learning Activity the GLOBE Teachers’ Guide
highlights the link to the different components of the
NSES both in terms of science concepts and science
inquiry abilities. A new section on “The Earth as a
System” helps students understand how their data may
be integrated to illuminate larger crosscutting ideas.
Assessment Tools - The GLOBE Teachers’ Guide will
now provide a set of assessment tools. Formative
assessments are structured so that teachers may choose
to use them as self-assessment tools used by the students
to monitor their own understanding, or for the teacher to
evaluate the progress of the student or class as a whole.
Associated assessment questions and answers that test
the students’ comprehension provide a preliminary set
of summative evaluation tools.
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